This paper studied the relationship between the surface max subsidence coefficient and influence factors with grey correlation analysis method, based on coal existent condition and survey data of mining design and the surface rock displacement in the 15 typical coal mining places of Yu-Shen-Fu mining area. The analysis results showed that comprehensive pullman's thickness of overburden strata, disturbance coefficient, mining thickness ratio and etc. are the key influence factors to the mining subsidence. Taking the surface max subsidence coefficient as the strain value and the above key influence factors as independent, a gradual regression analysis method was applied to set up a regressive equation. It is hoped that the paper gives a scientific reference to the prediction of mining subsidence before the mining operation in coal mining area.
Introduction
Yu-Shen-Fu mining area, one of the only two large coalfields verified reserving over one hundred billion tons in our country is reputed as the eight coalfields in the world together with Russia's Donbass Coalfield, Germany's Ruhr Coalfield, American's Powder River Coalfield, Poland's Silesian coalfield and etc. It has and will continue to make important contributions to the rapid growth of Chinese national economy. However, occurrence of coal mining resources in Yu-Shen-Fu mining area is characterized by shallow burial, thin roof bedrock and thick wind-brown sand surface. Consequently, a large scale exploitation of resources resulted in a serious problem of mining subsidence. According to the survey, subsidence areas were 43,33km 2 formed by Shendong Coal Corp. at present, which accounted for 93.3% of the whole county. That is to say, 0.2km 2 subsidence area is formed on the average million tons of coal mining. Thus, the problems of mining subsidence caused by coal mining have been as serious as it can be seen. The emergence and development of mining subsidence are closely tied with the geological conditions of coal occurrence and its mining design terms, on which lots of scholars have conducted a more in-depth and detailed research [1] [2] [3] [4] [5] [6] . This paper screened out key factors by gray correlation analysis, established equation of the linear regression on subsidence coefficient and key factors, based on the data for geological conditions of coal occurrence and its mining design terms in the 17 typical mining areas in Yu-Shen-Fu.
Gray correlation analysis on factors of mining subsidence
Impact factor selection. On the basis of current research and mining subsidence generating mechanism, with the principles of representation & scientific of factor and data availability, this paper has selected 10 influencing factors of two categories from the two angle of the geological occurrence condition and mining design condition (see table 1). 
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Fundamental. Gray correlation analysis is mainly used for analyzing various factors' dynamic relationship and the changes with time and its features in order to find the system of the main factor. During the development process of system, if the change trend were basically same of the two factors, meaning synchronous change degree is higher, the two factors is closely related, or correlation big; otherwise called correlation small. Therefore, correlation is a quantitative description of the connection degree between factors in the system.
Original data collection. According to the impact factors in Table1, we have collected original data from 17 typical mines in Yu-Shen-Fu, while the maximum surface subsidence coefficient (X0) has been summarized in Table 2 . Process and result. In Table , the data of mines from 1 to 15 formed the original data matrix, which was used in grey correlation analysis on mining subsidence influencing factors in Yu-Shen-Fu. Among them, the maximum surface subsidence coefficient(X0) is one of the main indicators characterized by the strength of mining subsidence, so this paper analyzed the main factor of the maximum surface subsidence coefficient and the sub-factor of X1 to X10. The resulting correlation coefficient matrix [L]:
(1)
Sequenced the order of correlation: (1) Based on the above results, the Comprehensive pullman's thickness of overburden strata and Disturbance coefficient are of the greatest correlation with the maximum surface subsidence coefficient, which are respectively 0.87 and 0.85; Greater correlation are Depth-thickness ratio, Mining height, Thickness of overlying strata, Thickness of overlying strata, Length of tendency and Coal seam Pitch, respectively, 0.77, 0.73, 0.72, 0.70, 0.66, 0.65; Lower correlation are Width-depth ratio and strike length, between which strike length(0.59) is the least correlation.
(2) From the point of view of the correlation with size and order, the correlation of the maximum surface subsidence coefficient is 0.02 more than Disturbance coefficient and Depth-thickness ratio, having a similar impact on mining subsidence, which is all called the most important factors. And the mechanics characteristic of overlying strata and the mining intensity of coal mining decided the extent of damage in the mining subsidence; the former reflected the capacity of resisting mine-self geological environment damage, and the latter reflected the intensity of geological environment damage by human activities. Depth-thickness ratio is closely related with the mining subsidence, which shows using the [ L depth-thickness ratio can accurately reflect and describe the forms and degree of mining subsidence damage, and the results have been consistent with previous. The correlation of the maximum surface subsidence coefficient has all reached or exceeded 70% with thickness of overlying strata and thickness of overlying soil, as indicated that the extent of mining subsidence damage is not only closely related to the mechanics characteristic of overlying strata but also to the structure of overlying strata. The correlation of the maximum surface subsidence coefficient has exceeded 60% with length of tendency and coal seam Pitch, and the same factors can not be ignored.
(3) According to the principles and requirements of highlight important factors, with 65 . 0 P as the standard in this paper, the factors such as comprehensive pullman's thickness of overburden strata, disturbance coefficient, depth-thickness ratio, mining height, thickness of overlying strata, thickness of overlying soil, length of tendency and coal seam Pitch were identified as the factors affecting mining subsidence in Yu-Shen-Fu.
Regression Estimation of Mining Subsidence on impact factors
According to the conclusion of Grey Correlative Analysis, the paper takes the maximum surface subsidence coefficient as the dependent variant, and the comprehensive pullman's thickness of overburden strata, disturbance coefficient, depth-thickness ratio, mining height, thickness of overlying strata, thickness of overlying soil, length of tendency as well as coal seam Pitch for the independent variant, selecting the data from 1 to 15 of typical mine in Table for stepwise regression analysis. Take on different thresholds, introducing the independent variant and significant test results of regression equation in Table 3 . As it can be seen from Table3, when the threshold was 6, only the coal seam pitch has been introduced into the equation. With the declining threshold, disturbance coefficient, thickness of overlying strata, thickness of overlying soil, length of tendency were introduced into the equation in sequence. Overall, the result of regression analysis was similar to the result of gray correlation analysis.
When the threshold is 0.5, multiple correlation coefficient of the regression equation is the largest, standard deviation is the lowest, and the regression equation was the most remarkable. At that time the linear regression equation about the impact of mining subsidence and the key factor is obtained, ie, 
From the partial regression coefficient, the greatest impact on the subsidence factor in sequence were thickness of overlying soil and disturbance coefficient, others were less influencing, in all introduction of the variables.
The measured data of typical mines from 1 to 15 in Table was introduced into the regression equation, and the measured data of typical mines 16,17 which were not involved in regression equation was also substituted in the regression equation, contrasting with observed values, the deviation between observation values and regression values of the typical mine in Table 4 . 
Conclusion
(1) On the basis of both Geological occurrence condition and Mining design condition, mining subsidence influencing factor was selected first; through the grey correlation analysis, we could find the key factors, that is comprehensive pullman's thickness of overburden strata, disturbance coefficient, depth-thickness ratio, mining height, thickness of overlying strata, thickness of overlying soil, length of tendency and coal seam pitch.
(2) Based on the key factors, using stepwise regression analysis method, the optimal regression equation was established in which the maximum surface subsidence coefficient was taken as the dependent variant and the key factors as independent variables. For instance, when the threshold is 0.5, multiple correlation coefficient of the regression equation is the largest, standard deviation is the lowest, and the regression equation was the most remarkable. This is an accurately reflection the linear quantitative relationship between the mining subsidence and its key factors.
(3) The prediction accuracy of the regression equation was examined by the data of two typical mines which were not involved in regression equation. And the result indicated that mining prediction on the maximum surface subsidence coefficient of various mining and geological conditions could be made more accurately according to coal seam pitch, thickness of overlying strata, disturbance coefficient, thickness of overlying soil, length of tendency and which would be of some significance to the safety production of mining areas as well as prevention and cure of mining subsidence.
